This paper proposes a grey interval relation TOPSIS for the decision making in which all of the attribute weights and attribute values are given by the interval grey numbers. The feature of our method different from other grey relation decision-making is that all of the subjective and objective weights are obtained by interval grey number and that decisionmaking is performed based on the relative approach degree of grey TOPSIS, the relative approach degree of grey incidence and the relative membership degree of grey incidence using 2-dimensional Euclidean distance. The weighted Borda method is used for combining the results of three methods. An example shows the applicability of the proposed approach.
The degree of grey incidence in grey system theory is a very important technical conception. The computational formulas of incidence degree such as grey incidence degree, grey absolute incidence degree and grey comprehensive incidence degree are introduced and the concepts of grey relation decision-making are given (Liu Si-feng , Lin Yi, 2004). Luo Dang, Liu Sifeng et al (2005) extended the traditional grey relation decision-making method to interval grey number, proposed a choosing method of plan based on maximal degree and constructed a formula of grey interval incidence degree and a grey interval relative incidence degree. The ideal optimal plan for MADM problem was defined and a formula of grey interval incidence coefficient was obtained (Dang Yao-Guo, Liu Si-feng et al, 2004 ). Other methods in grey decision-making are the grey clustering decision-making (Mi Chuan-min, Liu Si-feng et al, 2006) and the grey incidence projection method (Zhang-Chao, et al, 2007) .
In the case that the attribute weight information is known partially, decision-maker has to solve the MADM problem with preference to plans. To our knowledge, for the case that both of attribute vector and weight vector is given by interval grey numbers, any method of obtaining all weights by interval numbers has not been studied yet.
This paper considers a hybrid MADM problem with interval attribute and interval decision matrix, and presents a new grey interval relation method which considers comprehensive weight and preference of decision-making. In this paper, first of all, the subjective weights of attributes are obtained as interval number based on group AHP method. Next, in the case which the attribute values are given by interval grey numbers, the objective weights are determined based on optimization method. Besides, in the case which the attribute values are given by interval grey numbers, the objective weights are obtained by interval number based on entropy method. Thus, the comprehensive weights of attribute for decision-making are determined by combining the subjective weight and the objective weight using multiplicative composition method. Therefore, the attribute weights can reflect the subjective and objective information of the system more sufficiently. In this paper, secondly, when all of the attribute weights and attribute values are given by interval grey number, three grey relation decisionmaking methods are studied such as the evaluation of plan by the relative approach degree of grey TOPSIS, the evaluation of plan by the relative approach degree of grey incidence degree method, and the evaluation of plan by the relative membership degree of grey incidence degree method. The final rank based on rank vectors for each method is obtained by weighted Borda method. Finally, an example is given to show the performance of our method.
Some concepts and normalization of decision matrix
are two interval grey numbers. 2 ,…,A n } is a set of the decision plans and G={G 1 ,G 2 ,…,G m } is an attribute set. The value of the attribute G j for plan A i is given the non-negative interval number by ( ) 
For the attribute of effect type, 
) be the attribute weights determined by AHP from the decision-making group. The weight of attribute G j is given as interval grey number
Objective weight of attributes 3.2.1.Objective weight determining by optimization when attributes values are given by interval grey number
We define the deviation of decision plan A i from all other decision plans for attribute G j in normalized decision matrix
In order to choose weight vector β opt such that sum of overall deviation for the decision plan attains maximum, we define a deviation function such as First, let's find the entropy weight for lower bound ij x . Letting
the entropy value of j th attribute is given by
and the deviation coefficient for j th attribute is given by
The entropy weight 
3.2.3.Determining of comprehensive objective weights
The comprehensive objective weight is determined by the interval grey number 
Determining of final comprehensive weights
The final comprehensive weight is determined by 
The normalized decision matrix with the subjective preference is 
The attribute vector of each plan for the normalized comprehensive weighted decision The relative approach degree between each evaluation plan and the optimal plan is
The best plan is one corresponding to the largest C i . 
Evaluation of plan by the relative approach degree of grey incidence [Definition 4]
Then ( )
) is called a degree of grey interval incidence of the comprehensive attribute vector for the plan i A with respect to the positive (negative) ideal plan attribute vector.
[Theorem 2] The grey interval incidence degrees ( )
y y G satisfy the four axioms of grey incidence degree (Sifeng Liu and Lin Y., 2004).i.e. normality, pair-symmetry, wholeness and closeness. We define a degree of grey incidence relative approach by
C . The degree of grey incidence relative approach is modified by introducing the preference coefficients as follows. , it becomes the canonical formula for the degree of grey incidence relative approach. The optimal plan corresponds to the largest value among of the relative approach degree i C .
Evaluation of plan by the relative membership degree of grey incidence
If the membership degree of the positive ideal plan with respect to the plan i A is i u , the membership degree of the negative ideal plan corresponding to the plan i A is
Therefore, we can find the membership degree vector ) , , , (
by solving the following problem.
[Theorem 3] The optimal solution of the optimization problem P2 is given by
The optimal plan is one corresponding to the largest membership degree i u . In practice, the weights of the incidence coefficient are not always equal. Therefore, we find the weighted incidence degrees such as
In order to find the weights m j 
The final ranking is based on the weighted Borda method by using the rank vectors obtained from the above three methods.
An illustrative example
Assume that an enterprise manufactures certain equipments and that 5 types of equipment (A 1 , A 2 , A 3 , A 4 , A 5 , A 6 ) should be manufactured in the deliberation. The essential attribute which we are going to evaluate is six kinds: the stability (G 1 ), the operation performance (G 2 ), the structure performance (G 3 ), the reliability (G 4 ), the economic worth (G 5 ) and the beautiful view (G 6 ). All of the above six attributes are the effect attribute. Therefore, these attribute values are all the scored values (see Table 1 ). Their range is from 1 (worst) to 10 (best). 
. Then, we evaluate the plans by the relative membership degree of grey incidence degree method. The membership degree to the ideal plan is u = (0.4618, 0.4926, 0.2588, 0.5013, 0.7614). Thus, the rank of plans is such as
The final rank by the weighted fuzzy Borda method is 
Conclusion
In this paper, for MADM in which all of attribute weights and attribute values are given by interval grey number, we have proposed a new interval weight determining method and three methods of grey interval relation decision-making: the evaluation of plans by the relative approach degree of grey TOPSIS method, the evaluation by the relative approach degree of grey incidence degree method and the evaluation by the relative membership degree of grey incidence degree method. The final rank of plans has been obtained by weighted Borda method considering the above three ranking results. The features of our method different from other grey relation decision-making methods are as follows. The first feature is finding of the subjective grey interval weights by group AHP, finding of the objective grey interval weights by optimization and entropy method, and then finding of the final grey interval weights by multiplicative composition using the grey interval subjective and objective weights. The second is to obtain the weighted grey interval decision matrix considering the comprehensive grey interval weights determined in the preceding steps for MADM with interval decision matrix. The third is that decision-making is carried out based on the relative approach degree of grey incidence, the relative approach degree of grey TOPSIS and the relative membership degree of grey incidence using 2-dimensional Euclidean distance. The weighted Borda method is used for combining the results of three methods. An example shows the applicability of the proposed approach.
